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system including a pupil defining unit disposed within th e proiection optical system so as to 
define a pupil of the projection optical system: 



wherein the pupil defining unit comprises a variable aperture stop., 
#{. (Twice Amended) A proiection exposure apparatus comprising: 

an illumination optical system in which an internal reflection type integrator is 
disposed on an optical axis to illuminate a mask with light from a light source passing 
through the internal reflection type integrator: and 

a proiection optical system, disposed in an optical path between the mask and 
a substrate, through which light from the mask passes, the proiection optical system including 
a pupil defining unit disposed within the proiection optical system so as to de fine a pupil of 
the proiection optical system; 

said illumination optical system including an optical dev ice disposed on the 
optical axis to form a light intensity distribution having a substantially a nnular shape on a 
pupil plane of the illumination optical system, the optical device being c apable of changing at 
least one of the annular ratio, fee outer diameter, and the inner diameter of the light intensity 
distribution in accordance with a pattern on the mask. 



b I (Amended) An apparatus according to clainU42. further comprising: 

an optical integrator disposed in an optical path between said optical system 
and the mask, said optical integrator including a fly-eye type integrator or an internal 
reflection type integrator, - ^ 

as G 

^K?5? (Amended) An apparatus according to claim ^42. further com prising a pupil 

changing unit disposed within said projection optical svstem so as to define a pupil of said 

proiection optical system and change a numerical aperture of said proiection optical system. 

~7 5 *JrTf. (Amended) A projection exposure apparatus comprising: 

an illumination optical system disposed in an optical path of light emitted by a 

light source so as to illuminate a mask, said illumination optical svstem includ ing an optical 
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system disposed in an optical path between the light source and t he mask so as to form a 
variable annular illumination source, said optical s vstem changing an annular ratio with 
Tespect to the annular ^rumination source: and 

a projection optical svstem disposed in an optic al path between the mask and a 
substrate so as to project an image of the mask onto the substrate, said projection optical 
svstem including a pupil defining unit disposed within said proje ction optical svstem so as to 
define a pupil of said projection optical svstem; 

said projection exposure apparatus satisfying the f ollowing condition: 
0.45£NA ? /NAi 

wherein NAi is a numerical aperture of said projection optica l svstem. and 

NA 2 is a numerical aperture of said illumination Optical svstem dete rmined bv the outer 

diameter of said variable annular illumination source. 
^ . — 

^fO J&Z . (Amended) An apparatus according to clainv23. wherein said projection 
optical svstem has a numerical aperture not less than 0.4 at a side of the substrate. 

(Amended) An apparatus according to claim wherein said optical svstem 
comprises an optical integrator and an aperture stop unit disposed in an optical path between, 
said optical integrator and the mask, the aperture stop unit includes a circular opening and an 
annular opening so as to selectively form one of a circular illumination source and the annular 
illumination source. / 

£24. (Amended) An apparatus according to claim 433. wherein said optical svstem 
changes the annular ratio with respect to the annular illumination source under a high, 
illumination efficiency. 

( Amended*! An apparatus according to claim JHW^w^herein said opt ical system 
comprises an optical integrator and an aperture stop disposed in an o ptical path between the 
optical integrator and the mask, the aperture stop unit includes a circ ular opening and an 
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Application No, 09/320,472 
annular opening so as to selectively form one of the circular se condary light source and the 
annular secondary light source, 

"SO&i. (Amended) An apparatus according to claim Jg?. w herein said optical system 
comprises a first optical element with a first conical surface that is di sposed in an optical path 
between the light source and the mask, a second optical element with a second c onical surface 
that is disposed in the optical path between said first optical element and the mask, and a. 
variable distance between said first optical element and said se cond optical element so as to 
change the annular ratio with respect to the annular seco ndary light source. 



Please add the following claims 133-145: 



HI vlSL (New) An apparatus according to clainv£S, wherein said illumination optical 
system-satisfies the following condition: 
1/3 < d] /dj 

wherein d L is the inner diameter of the annular sec ondary light source and d? is 
the outer diameter of the annular sec ondary light source.- 

-*±3C (New) An apparatus according to claim 433. wherem said proiection exposure 
apparatus satisfies the foll owing condition: 

0.45<NA ? /NAi 

wherein NA t is a numerical aperture of said projection optical system, and. 
NA ? is a numerical aperture of said illumination optical sys tem determined by the outer 
diameter of said variable annular illumination source, - 

' ^455. (New) An apparatus according to cl ainv^T wherein said proiection exposure 
apparatus satisfies the following condition: 
0.45<NA?/NAi 

wherem NA j is a numerical aperture of said pr ojection optical system, and 

NA-? is a numerical aperture of said illumination optical svsteT n, determined by the outer 

diameter of said variable annular illumination source. - 
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5/ ... 

%A3£ (New) An apparatus according to claim wherein sa id illumination optical 
system satisfies the follow ing condition: 
1/3 < dj/di 

wherein dj is the inner diameter of the annular secondary light source and d 2 is 
the outer diameter of the annular second ary light source.- 

52 ,j^rT. (New) An apparatus according to claims w herein said illumination optical 
system satisfies the following co ndition: 
l/3<di/d, 

wherein di is the inner diameter of the annular seco ndary light source and d? js, 
the outer diameter of the annular seco ndary light source.-- 

53 ^ 

"(New) An f apparatus according to clainv9T, w herein-said illumination optical 
system satisfies the following condition: 
l/3<d,/d? 

wherein d } is the inner diameter of the a nnular secondary light source and d 2 is_ 
the outer diameter of the annular sec ondary light source.- 

-rt£L (New) An apparatus according to claim ^3ST wh erein said proiection exposure 
apparatus satisfies the following condition: 
045<NA-> /NAi 

wherein NA] is a numerical apert ure of said proiection optical system, and 

NA-? is a numerical aperture of said illumination opt ical system determined by the outer, 

diameter of said variable annular illum ination source.- 
GO 

.44a (New) An apparatus according to cl aim ttt wherein said optical device 
com prises a first optical element with a first conical surface fl second optical element with a 
second conical surface and a yariable distan t between said first optical element and said 
second optical element so as to cha npe the annular ratio.- 
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_Kf (New) An apparatus according to claim *4fr w herein said projection exposure 
apparatus satisfies the following condition: 
Q.4S^NA ? /NAi 

wherein NAi is a numerical aperture of s aid projection optical system, and 
N^ is a numerical aperture of said illuminat i on optical system determined by the outer 
diameter of said variable an nular illumination source.- 

G>3 (N evv ) An apparatus ac cording to claim *Cfl, wherein said projection exposure 

ap paratus satisfies the following condition: 
0.45<NA,/NAi 

wherein NAi is a numerical aperture of said projection optical system , and, 
NAfis a numerical aperture of said illumination optical system determined by the outer 
diameter of said variable annular illumination source, - 

/ --143T (New) An apparatus according to claim wherein sa id pupil defining unit 
comprises an aperture stop unit changing the n unil of said projection optical system.-- 

V-HT (New) An ap paratus according to claim 143. whe rein said aperture stop unit 
comprises a variable aperture stop. - 

(New) An apparatus according to clainvrtS, wherein said illumination optical 

system satisfies the following condition: 
1/3 < di/da 

wherein d) is the inner diameter of the annula r secondary light source and d 2 js. 
the outer diameteT of the an nular secondary light source.-- 




REMARKS 

Claims 1-29, 91-119 and 122-145 are pending. By this Amendment, claims 133-145 
are added, claims 120 and 121 are canceled, and claims 28, 97, 104, 105, 113, 122-124, 127 
and 128 are amended. No new matter is added by the above amendments. 
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